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The Welding of Iron and Steel. 


Tue Welding Conference, which was held on May 
2nd and 3rd, constituted an event of considerable 
technical importance and significance, the present 
and ultimate results of which may have a far- 
reaching influence on engineering and metallurgical 
developments. Much space has been devoted in 
the columns of THE ENGINEER and its contem- 
poraries to individual papers, and to records of the 
discussion which took place at the Conference ; 
- but the real object for which the Symposium was 
designed must be kept in mind if we are to be in a 
position to form an opinion regarding the degree of 
ultimate success which it actually achieved. 

For these reasons it is proposed to review the origin 
of the Conference, the method of organisation adopted 
with the reasons for that adoption, and the results 
which are already visible, together with a reference 
to the next step which will be taken in the near future. 

Some will recall that, in 1932, the Executive 
Committee of the National Physical Laboratory 
convened a conference of representatives of engineer- 
ing industries, associations, and similar bodies, with 
the object of discussing the scope of engineering 
research in current progress at the Laboratory and 
ascertaining whether the existing research facilities 
could more advantageously be employed in the 
interests of engineering science and industry. In 
general, the opinion was expressed that the work 
in progress was of the type that could most usefully 
and properly be undertaken at the Laboratory, 
but a very great number of additional subjects for 
research were suggested if and when sufficient 
additional funds were made available from industry 
and elsewhere. The existing financial position unfor- 
tunately did not permit of much direct action being 
taken at the time. As Sir Harold Carpenter stated 
in his opening remarks, the Welding Conference 
owed its inception to Dr. Gough, Superintendent 
of the Engineering Department of the Laboratory, 
who concluded, after a close study of the proposals 
referred to, that a wide range of industries was 
keenly interested in welding and conscious of a real 
need for active, co-ordinated research in that subject, 
and who, therefore, brought the matter to the atten- 
tion of the Metallurgical Research Board of the 
Department of Scientific and Industrial Research. 
The Board fully recognised that it had become a 
subject of national importance, and that every 
opportunity should be given to foster the art of weld- 
ing, to encourage worthy schemes of research, and, 
as far as possible, to avoid overlapping of research 
effort. After very careful consideration, it was 





decided that the first step taken should be to obtain 
a comprehensive review of the existing position of 
welding achievement and welding research, and that 
this object might be achieved by arranging a Sym- 
posium of technical papers for discussion at a repre- 
sentative conference. 

The general objects of the proposed Symposium 
and Conference. were specifically laid down as 
follows :—(a) To review the position of welding in 
all its industrial aspects, both in Great Britain and 
in other countries; (b) to obtain knowledge of the 
problems encountered in welding as employed by 
various industries at home and abroad, and (c) to 
reveal what research work has been and is being 
undertaken. Following the Conference, the important 
—and, perhaps, most difficult—next action envisaged 
was the critical examination of the difficulties and 
problems encountered in welding practice and the 
extent to which they are being met and overcome ; 
from this examination should emerge conclusions 
regarding the advisability of recommending action 
to co-ordinate research work, and to stimulate and 
guide future research in this country, possibly result- 
ing in the formulation of a national scheme of research. 
These objects are sufficient to show the serious 
purpose underlying the scheme. 

The method and scale of organisation of the 
Conference and the co-operation of effort that was 
obtained are in themselves quite remarkable features 
of interest. In response to an invitation from the 
Department of Scientific and Industrial Research, 
the Iron and Steel Institute accepted the responsibility 
of arranging the Symposium, and the ready support 
which it received from fifteen of the leading technical 
institutions was in itself significant of the recognition 
given to the present and potential importance of 
welding in a very wide range of industries. Much 
is often said these days in disparagement of the 
number of technical institutions in existence. The 
Welding Conference is a happy reminder of the 
useful results that may be obtained when joint 
action is taken, in the pursuit of knowledge of a 
particular subject in which a number of these institu- 
tions are interested in common. _ The plans of the 
Organising Committee resulted \in the receipt of 
146 contributions, which were divjded into four main 
groups: Present-Day Practice jand Problems in 
the Engineering Industries ( papers), Welding 
Practice and Technique, includifig Welding Apparatus 
(25 papers), the Metallurgy of Welding (29 papers), 
and the Specification, Inspection, Testing, and Safety 
Aspects of Welding (25 papers). 

When it is remembered that one of the objects 
of the Symposium was to review the position of 
welding at home and abroad, it is of interest to find 
that the countries of origin of the papers are as 
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follows :—Great Britain (83), Australia (9), Canada 
(2), India (2), Austria (4), Belgium (1), Czechoslovakia 
(2), France (8), Germany (8), Holland (3), Italy (2), 
Norway (1), Poland (3), Sweden (2), Switzerland (1), 
United States (14). 

The Symposium may therefore be truly described as 
of an international character, while the number and 
importance of the papers received from home and 
Imperial sources was a cause of real satisfaction. 

As it was obviously impossible to adopt the usual 
practice of presenting authors’ summaries of indi- 
vidual papers, the Organising Committee adopted 
the plan of appointing rapporteurs who were entrusted 
with the task of preparing and presenting reviews 
of groups of papers. In these reports special mention 
was made of the most notable achievements recorded 
in the papers, the difficulties encountered in the 
fields covered, and the directions in which future 
research appeared desirable. What must have been 
a very difficult task was ably carried out by Dr. 
Dorey, Professor Haigh, Dr. McCance, Dr. Swinden, 
and Dr. Gough. Their reviews, which will be pub- 
lished with the papers, served the useful purpose of 
suggesting aspects which might profitably be dis- 
cussed during the Conference, and although the 
advance circulation of these summaries would have 
been appreciated, the scheme in general was quite a 
success. Mention must also be made of the excellent 
exhibition of welding plant, apparatus, and specially 
prepared films of welded constructions which was 
arranged at the Science Museum, in connection with 
the Conference. Great credit is due to the trade which 
was primarily responsible for this interesting and 
informative feature. 

Even after a close study of the papers presented 
and the discussions whieh followed, it is too early to 
attempt to assess the results of the Conference, but 
certain major impressions may be recorded. If any 
demonstration to that effect were required, the large 
attendance at the Conference and the constitution of 
that attendance were quite sufficient to show. the 
interest taken in welding by every branch of industry ; 
that this method of construction is destined to play 
a part of increasing importance in engineering of all 
kinds is quite certain. Undoubtedly, the greatest 
interest in this country, at all events, at present 
attaches to electric welding. Then there were abund- 
ant evidences of recognition of the present imperfect 
state of the art and of the main difficulties which 
have to be overcome, and also of the refreshing general 
opinion that users must not be content to leave the 
solution of these difficulties to the welding industry— 
makers of electrodes, filler rods, apparatus, &c.—but 
must study these difficult problems themselves, with 
the co-operation, of course, of the producing industry. 
It was significant to observe signs of the passing of 
the once-prevalent view that the degree of perfection 
of the final welded article was mainly a matter of 
chance determined principally by the skill and inte- 
grity of the individual operative. True, the im- 
portance of the human factor is still recognised, but 
the necessity and value of correct welding ‘ pro- 
cedure ”’ is obtaining increasing recognition. Again, 
proper attention is being given to the economic and 
design aspects of welded censtruction. The mere 
replacement of rivets by deposited metal is recognised 
as uneconomic, wasteful, and unsound practice. 


Considerable thought has been given to suitable 
methods of testing and inspection, while important 
codes have been drawn up by several of the major 
classification societies. 
also receiving careful attention. 


The specification aspect is 
The possibilities, 





advantages, and dangers involved in repair work are 
being investigated with much success. It was signi- 
ficant that there were clear signs that the manu- 
facturing industry, with certain marked exceptions, 
is willing to discuss freely the nature of its wares 
with users—-a welcome change from the old and 
regrettable policy of “‘ trade secrets and mysterious 
compositions.’’ The knowledgeable user of the future 
will certainly demand, and is entitled to receive, a 
frank statement concerning the composition and 
properties of articles such as filler rods, electrodes, 
&c., offered for sale. 

Reverting to the stated objects of the Conference, 
the Organising Committee appears to have achieved 
a considerable degree of success at this stage. The 
information given in the papers does indeed form 
admirable material for a ‘“‘ review of welding in all 
its industrial aspects, both in Great Britain and 
abroad,” and, moreover, furnishes considerable 
‘* knowledge of the problems encountered in welding 
as employed by the various industries in Great 
Britain and in other countries.” It has also been 
successful, although to a lesser degree, in revealing 
‘* what research work has been or is being under- 
taken.” It has certainly shown that there exists 
a wide range of problems which must receive research 
attention in the interests of industry in general. 
Among the subjects for research which are revealed 
in the papers, the following may be specially men- 
tioned :—Relative strengths, especially under repeated 
stresses, of various types of welded joints, including 
butt joints, overlap joints, and joggled overlap 
joints; comparison of welded and riveted connec- 
tions ; corrosion of welds ; welding procedure ; pre- 
heating and temperature control during cooling ; 
internal stresses and stress relief ; warping ; welded 
chains ; welding of high-tensile and special alloy 
steels and of cast iron; heat treatment of joints ; 
general metallurgical problems, with especial reference 
to the deposited metal and gas content ; rod coat- 
ings; ageing; relative advantages of various weld- 
ing processes ; mechanical testing with especial refer- 
ence to fatigue ; non-destructive methods of testing ; 
development of electric welding plant in which the 
current would be automatically adjusted to suit the 
rate and quantity of deposit, combined with arc 
control; effect, especially on fatigue strength, of 
heat treatment applied for stress relief; deposits 
made with bare and covered electrodes, using either 
A.C. or D.C., various welding techniques, com- 
positions of electrodes, and parent metals ; develop- 
ment of forms of welded connections for dynamically 
loaded structures, especially bridges ; photo-elastic 
study of stress distribution in welded joints. 

The Conference is over and its influences on 
industry and technical thought should be profound and 
far-reaching. The outcome of the next action to which 
the Organising Committee is committed will be 
awaited with the deepest interest. It constitutes a 
careful review of the Symposium papers and resulting 
discussions, with the rendering to the Department of 
Scientific and Industrial Research of a report con- 
cerning ‘‘ the advisability of taking steps to co- 
ordinate research work and to stimulate and guide 
future research, possibly with a view to formulating 
a national scheme.” The task allotted to the Com- 
mittee is one both difficult and entailing serious 
responsibility. In attacking this task it will, no 
doubt, be fortified by the congratulations which 
have been freely extended to it on the marked 
success which has attended the first stage of its 
labours. 
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The Institute of Chemistry. 





WE offer to the Institute of Chemistry our hearty 
congratulations on the occasion of its Charter-Jubilee. 
The relations between the Institute and metallur- 
gists have always been close. Among its founders 
were some who were associated with metallurgical 
industry, and others who contributed in many ways 
to the advancement of metallurgical science. On 
the roll of the organising committee whose work 
led to the foundation of the Institute in 1877 were, 
among others, the names of F. A. Abel, who first 
isolated and identified the carbide of iron, Fe,C, 
present in steels; I. Lowthian-Bell, whose metal- 
lurgical achievements are too numerous and well 
known to need mention in detail; George Gore, of 
Birmingham, who discovered the ‘“ recalescence 
point ” in steel, and W. N. Hartley, who will be 
remembered by metallurgists for his spectroscopic 
studies of the Bessemer converter flame. 

Throughout its history the Institute of Chemistry has 
had among its Fellows and Associates metallurgists 
occupying responsible positions in industry and 
distinguished in metallurgical research; but this 
has not prevented it from having had to meet, from 
time to time, the severe criticism of metallurgists. 
Such criticism has generally taken the form of a 
suggestion that the scientific qualifications which the 
Institute demands in its members are too academic, 
that more weight should be given to applied science 
in the Institute’s educational requirements, and 
in particular that insistence on what is regarded as 
an unduly high standard of knowledge of organic 
chemistry is placing an unnecessary obstacle in the 
path of metallurgists seeking the associateship. 
Very much has been done in the past twenty years 
to widen the scope of the Institute’s scheme of 
examinations, and it may now be said that, subject 
to a minimum essential requirement of general 
chemical education and attainment, no one is handi- 
capped in seeking admission to the Institute or 
advancement to the fellowship by having studied 
or practised some branch of applied chemistry. 
Any further objection would appear to be based on a 
misapprehension of the functions of the Institute 
and of its relation to the science and practice of 
metallurgy, and incidentally would show a lack of 
appreciation of the place of organic chemistry as an 
integral part of the science of chemistry. 

The President of the Institute of Metals has 
recently stated that ‘“‘ metallurgical research becomes 
increasingly the application of physics and physical 
chemistry to the study of metals and alloys in the 
metallic state.”” This statement might well be 
widened to an assertion that the theory and practice 
of metallurgy are based on the sciences of physics, 
chemistry, and engineering, the last of which may be 
taken to include applied mathematics. Metallurgical 
industry and research have need of men who have 
special qualifications in each of these branches of 
knowledge. It is, therefore, highly desirable that 
there should be professional bodies prepared to 
certify that one who, on other grounds, is to be 
regarded as a metallurgist, may also rightly claim 
to be a chemist, a physicist, or an engineer. Now, 
no metallurgist would suggest that the great engineer- 
ing institutions should relax their requirements 
for corporate membership to such a degree as to 
throw doubt on the completeness of a candidate’s 
training and qualifications as an engineer. Similarly, 





it is well that the Institute of Chemistry demands 
training and attainments which mark a man as a 
chemist in no narrow sense. 

The qualifications of the Institute of Chemistry 
are being more and more sought after by young 
metallurgists—and not only by those who intend 
to devote themselves to analytical work—and it 
is to the personal interests of its members and to 
the advantage of the metallurgical industry as a 
whole that the Institute should continue, in accord- 
ance with its Charter, to demand of its entrants a 
strict standard of professional competence as chemists, 
before taking into account the additional qualifica- 
tions which they may possess in applied science. 








Resistance Alloys for Heating 
Elements. 


In the course of the last few years several new 
electrical resistance alloys for heating elements have 
come on the market, and have been successfully used 
in industrial furnaces in which specially high tempera- 
tures are required. These include a number of 
chromium-iron-aluminium alloys of similar chemical 
composition, such as Megapyr (made by the Heraeus 
Vacuum Melting Company, Hanau), which consists 
of 30 per cent. chromium, 5 per cent. aluminium, and 
the remainder iron; the similar German alloys 
Permatherm and Alsichrom, and the Swedish alloy 
Kanthal (made by the Aktiebolaget Kanthal, Hall- 
stahammar), the highest grade of which contains 
cobalt in addition. 

The properties of these and of some _nickel- 
chromium and other resistance alloys have been 
determined by Schulze,! with the results shown in 
Table I. 














Taste I. 
Resistance, Highest Melt- 
ohms mm.? working ing 
Type of alloy. mm temp., point 
deg. deg. 
t 20° {At 1000° Cent. Cent. 
ACent. Cent. 
80 :20 nickel-chromium 
Iron free .. e sof 1-06 1-1 1100-1150 | | About 
Containingiron ..; 1-1 1-2 1000-1050 1400 
Aluminium -chromium- 
iron— ' 
Megapyr .. 1-40 1-44 1350 Over 
Kanthal .. 1-45 1-52 1350 \ 1500 














These materials are considered with special refer- 
ence to their melting points in a communication ‘‘ On 
the Melting Points of some Chromium-iron Resistance 
Alloys,” by A. Schulze, which appeared in the Feb- 
ruary number of the Zeitschrift fiir Metallkunde.? It 
describes the recently published work of Hoffmann 
and Schulze,? which arose from the fact that, although 
all forms of these alloys differed only slightly in 
chemical composition and in mechanical and physical 
properties, statements made by their respective 
makers with reference to their melting points differed 
widely. Thus the melting point of Megapyr was 
given by the Heraeus Company as 1520 deg. to 





1 A. Schulze, Metallwirtschaft, 1934, 13, 369-372; Zeit. f. 
Metallkunde, 1934, 26, 140. 

2 A. Schulze, Zeit. f. Metallkunde, Feb., 1935, 27, 45-46. 

3 F. Hoffmann and A. Schulze, Physikal. Zeit., 1934, 35, 881. 
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1530 deg. Cent., whilst that of Kanthal (Al), according 
to the Swedish firm, was 1660 deg. Cent. It was held 
that the addition of 3 per cent. of cobalt raised the 
melting point of 20:6 chromium-aluminium-iron 
alloy by 150 deg. Cent.‘ Hoffmann and Schulze 
determined the melting point of the alloys heated in 
vacuo by means of an optical pyrometer focussed on a 
hole bored in the specimen. Through this, the bottom 
of the crucible could at first be seen, but as melting 
proceeded the liquid metal flowed into the hole. 
Hence the process of melting could be observed with 
certainty, while the hollow space gave black-body 
conditions, so that accurate values of the arrest points 
on heating and cooling could be obtained. Melting 
took place over a short range of temperature, but the 
liquidus and solidus were very close and a definite 
value for the melting point could be deduced. The 
averages of closely concordant values obtained from 
heating and cooling curves were :— 


Deg. Cent. 
Megapyr Ar . 1501 
Kanthal (Al) .. 1497 
Permatherm .. 1499 
Alsichrom 1497 


The figure given above for Kanthal was obtained 
from two specimens. The melting point of a third 
specimen was measured at normal pressure in an 
atmosphere of argon and found to be 1485 deg. Cent., 
a value confirmed by immediately repeating the 
measurement in vacuo on the same specimen. The 
final value for the melting point of Kanthal was 
therefore 1493 deg. Cent. 

The suggestion that the presence of cobalt raises the 
melting point of these alloys was also investigated by 
Grunert, Hessenbruch, and Schichtel,5 who obtained 
by means of a platinum/platinum-rhodium thermo- 
couple the melting points of two alloys as follows :— 





some 
|Melting point, deg. C. 


| Ce. Al. | Co. Fe 
| | Cooling. | Heating. 
ladinaichalicale —— . — eee Eee ee eee 
1 | 30 5 Nil Rem. | 1515 1525 
2 | 20 6 3 1507 1515 


Rem. 


Confirmatory tests carried out by the Material- 
priifungsamt, Berlin, gave values 1511 deg. Cent. for 
alloy 1 and 1513 deg. Cent. for alloy 2. 

This finally disposes of the suggestion that the 
melting point of Kanthal (Al) is 1660 deg. Cent. The 
authors attribute the error which was made to the 
fact that in the original experiments the wire or strip 
was heated in air and its temperature taken optically. 
The oxide skin remained in position until the melting 
point had been greatly exceeded, and the apparent 
melting point was merely the temperature at which 
the skin broke and disclosed the presence of liquid 
metal. 

This error is unfortunate and its correction has 
evidently involved considerable expenditure of time 
and effort. The high value of the melting point may 
also have caused undue optimism as to the possi- 
bilities of certain types of aluminium-chromium-iron 
alloys. Provided, however, that the melting point is 
well above the proposed working temperature, its 
actual value is of subsidiary importance. The 
deciding factor is the life of the alloy under the con- 
ditions of temperature and use to which it is to be 





4 G. Nordstrém, Jernkont. Ann., 1933, 88, 572-589. 


5 A. Grunert, W. Hessenbruch, and K. Schichtel, Elek- 
trowarme, Jan., 1935, 5, 2-11. 















applied. These conditions include, not only steady 
maintenance at a high temperature, but the more 
severe requirement of alternate rapid heating and 
cooling. The paper by Grunert, Hessenbruch, and 
Schichtel contains many data referring to dependence 
of life on composition (Tables II and ITI), though the 
precise details of the test are not given, except in so 
far as it is stated to have been carried out in accord- 
ance with the methods of the Heraeus Company. 


Taste II. 


Duration of life at 


Composition, per cent. 
1200 deg. Cent. 


remainder iron. 


Cr. Al. Hours. 

30 1 15-0 

30 2 15-5 

30 3 32-5 

30 5 35-0 

30 8 -- 26-0 

30 12 Not workable 
20 5 11-0 

30 5 35-0 

40 5 -- 26-0 

50 5 Not workable 
60 5 ” ” 

Taste III, 


Duration of life 


Composition, per cent. 
at 1200 deg. Cent., 


Cr. 30, Al. 5, with special element as 


below and remainder iron. hours. 
3.4) Se. ee OS OR ee EE 
0-14 eee, ee ee 
0-34 21 
0-60 16-5 
Phosphorus 0-01 24 
0-03 23 
0-05 34 
0-10 34 
Sulphur.. 0-01 34 
0-03 46 
0-05 45 
0-10 37 
Cobalt .. 1 21 
2 16 
4 ie ges oe 
Nickel .. 1 . About 34 
2 . About 20 
4 ..-Not workable 


In the series of alloys containing 20 to 60 per cent. 
of chromium and | to 12 per cent. of aluminium the 
maximum life at 1200 deg. Cent. was shown by the 
alloy with 30 per cent. of chromium and 5 per cent. of 
aluminium. The life decreased rapidly with increase 
in carbon content, it was increased by rise of phos- 
phorus content to 0-1 per cent. and slightly diminished 
by sulphur above 0-03 per cent. Under the conditions 
of test it was decreased by cobalt and to a less extent 
by nickel, though nickel had a greater effect than 
cobalt in making the alloy very difficult to work. 

The aluminium-chromium-iron alloys are superior 
to the nickel-chromium alloys in heat resistance at 
temperatures of 1200 deg. Cent. or above, but they 
have certain disadvantages. Unlike the nickel- 
chromium alloys, they are not rustless. A 0-4 mm. 
wire wound on a porous tube, the lower end of which 
was immersed in water so that the whole tube 
remained moist, was rusted to the point of fracture 
after seventy-two to ninety-six hours. At high 
temperatures the aluminium-chromium-iron alloys 
possess only about one-quarter of the strength of the 
nickel-chromium alloys and they show marked grain 
growth. Their electrical resistance increases after 
long use for a reason which is at present not known, 
but which probably has some connection with 
absorption of gases. They are very brittle in the cold 
and consequently have to be coiled at 400 deg. to 
700 deg. Cent. Yet alloys of this type have proved to 
be of great value in the production of industrial 
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furnaces operating at very high temperatures in a 
normal oxidising atmosphere, and liable to some 
degree of rough usage. 

In the work described in this paper the study 
of the effect of composition seems to have been 
confined mainly to life tests at 1200 deg. Cent. 
and the conclusions may have to be modified 
for other temperatures. In particular, before final 
conclusions are drawn, it would be desirable to have 
information as to the effect of modifications of com- 
position on the features classified in the foregoing 
paragraph as disadvantages of the aluminium- 
chromium-iron alloys. In actyal practice the life 
of these resistance alloys is found to be far more 
variable than laboratory “life ’’ tests would suggest, 
and the best alloy may well prove to be the one which 
shows the greatest factor of safety against general 
deterioration under working conditions. 








German Researches on the 
Working of Metals.* 


THE original investigations on the working of 
metals which have been carried out at the Kaiser- 
Wilhelm-Institut fiir Eisenforschung at Diisseldorf 
for many years now are well known and highly appre- 
ciated by other workers in a similar field. During 
1934 nine such researches have been published, of 
which the following provides a short general account. 
Much of this work is of a mathematical nature, which 
does not lend itself to abstraction, but which may be 
recommended most strongly to those directly in- 
terested. The papers are concerned with (A) various 
aspects of wire-drawing, (B) with rolling, and (C) with 
the drawing of tubes, and will be considered here in 
that order. 


WIRE-DRAWING. 


Influence of Carbon Content and Patenting Con- 
ditions.—Notwithstanding the great practical import- 
ance of the patenting treatment in connection with 
the drawing of high-tensile steel wire, very little 
really systematic work on the subject has been pub- 
lished. Two papers (Lieferung 10) by A. Pomp, which 
deal with different aspects of this question, are there- 
fore of particular interest. In the first, the influence of 
the carbon content of the steel and of the conditions 
of the patenting treatment are examined in relation 
to the subsequent ductility of the wire. Five steels 
with carbon contents varying from 0-35 to 0-77 per 
cent., with about 0-18 per cent. of silicon and 0-7 per 
cent. of manganese were patented at 837, 920, 1036, 
and 1135 deg. Cent. The wires, which were 5-3 mm. 
in diameter, were drawn through a furnace 9m. in 
length at a speed of 1-14m. per minute and then 
quenched in lead baths at 542, 460, and 406 deg. Cent. 
The microstructures corresponding with the highest 
patenting temperature consisted of a coarse sorbite, 
whilst at the lowest temperature a certain amount of 
laminated pearlite had made its appearance. In 
addition, most of the steels patented at the lowest 
temperature showed a considerable proportion of 
ferrite. These structural differences are clearly 
associated with a decreased rate of cooling from the 
lower temperature range. The patented wires were 
drawn through Widia dies having an angle of 15 deg., 





*. Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisen- 
forschung zu Dusseldorf, Band. XVI, 1934, Lieferungen 2, 4, 
5, 9, 10 and 20. 





and were reduced in six passes by a total amount of 
75 per cent., each pass effecting a reduction of area 
of about 20 per cent. As a measure of the efficiency 
of the process, the author uses the mean resistance to 
deformation defined as 


P 





In 2 

n ma 
where P is the pull, g, the original and q, the final area 
of cross section after the pass. The lower this value 
becomes the more readily will the wire submit to 
deformation. The experimental results show, as 
would be expected, that this resistance to deformation 
increases with the carbon content of the steel, whilst 
the temperature of the patenting furnace is without 
much effect. As that of the lead bath falls, however, 
the resistance to deformation increases, particularly so 
in the case of the higher carbon steels. The efficiency 
of the deformation, defined as the ratio of the pull 
theoretically required to that actually found (the 


theoretical tension being q, k In ee where k is the 
1 


mean strength during the pass), is dependent to only 
a small extent on the carbon content of the steel. It 
increases, at any rate after a small fall in the early 
stages of drawing, up to the fifth pass, after which in 
the case of the two highest carbon steels some falling 
off is to be observed. Neither the temperature of 
patenting nor that of the lead bath exerts any appre- 
ciable influence on this efficiency of deformation. 

The mechanical properties of the same series of 
steels have also been determined by the same author. 
As the amount of reduction is increased the tensile 
strength for a given patenting treatment is raised 
along lines which are nearly parallel for the various 
carbon contents. ‘he patenting temperature, within 
the limits investigated, exerts no clear influence on the 
tensile strength. The effect of the temperature of the . 
lead bath, which is, as might be expected, rather less 
for the low-carbon materials than for the high-carbon 
steels, is such that the strength of the wire increases 
as the temperature of the lead bath is reduced. The 
ductility of the patented material decreases, of course, 
as the carbon content is raised. As the patenting 
temperature rises, lower values of the ductility are 
obtained as compared with those at 837 and 920 deg. 
Cent., a corresponding decrease being also observed 
as the temperature of the lead bath falls. Passing on 
to consider the material after a certain amount of 
work has been done upon it, the ductility falls in the 
first pass to a very considerable extent, after which a 
small, but measurable, increase may set in, whilst in 
addition the effect of the carbon content is almost 
wiped out. 

For the wire in the patented state the number of 
bends is greatest for the lower carbon steels and in 
general this value increases as the patenting tem- 
perature is raised. The temperature of the lead bath, 
on the other hand, exerts no clearly marked effect 
here. When these patented steels are drawn there is 
roughly, though there are appreciable variations, an 
increase in the number of bends up to about the fifth 
pass, after which slight deterioration sets in. Since, 
however, the experimental conditions in the sixth 
pass were slightly different, this may, at any rate in 
part, be responsible for this effect. The values for 
the various carbon steels approximate more and more 
closely as the amount of work is increased, and dis- 
tinctly better bend values are given by those samples 
patented at 1135 and 1036 deg. Cent. than those 
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treated in the lower temperature range. The tem- 
perature of the lead bath exerts no clearly marked 
effect on the number of bends registered by those 
wires in the drawn condition, whilst the curves for 
the torsion values are so irregular that it is doubtful 
whether any useful conclusion can be drawn. All 
workers on the properties of drawn wire are familiar 
with the marked variations which occur in carrying 
out duplicate tests of this character, and in the present 
reviewer’s opinion, the mean of at least four tests 
is required if any useful result is to be obtained. The 
author, however, concludes that to obtain high 
torsion values a medium patenting temperature is 
desirable, together with a low value of that of the 
lead bath. 

Coarse-grained Recrystallisation.—The marked grain 
growth which occurs in iron and mild steels which have 
been slightly strained and then annealed at an appro- 
priate temperature is well known. Little or no work, 
however, appears to have been done on high-carbon 
materials from this point of view. Paper 245 (Lief. 2) 
contains an interesting account of some work by 
A. Pomp on such a coarse-grained recrystallisation of 
a 1-2 per cent. carbon steel. The material was cold- 
drawn to a maximum of 21-8 per cent. reduction, 
and then annealed for four hours at a temperature 
of 700 deg. Cent. The necessity for restricting the 
annealing to this temperature lies in the fact that this 
form of recrystallisation is found only when the 
carbide is present in globular condition, and the re- 
formation of laminated pearlite on annealing above 
the carbon change point goes far to inhibit such 
crystal growth. Excellent micrographs of the 
structures are shown, the etching reagent used being 
ferric chloride, a medium which under normal cir- 
cumstances finds little or no application in the metallo- 
graphy of the ferrous materials. The maximum grain 
growth under the experimental conditions used 
occurs with a reduction of area of round about 10 per 
cent. The influence of the grain size due to this 
treatment on the mechanical properties has been 
examined in some detail. It is shown, for instance, 
that the lowest proof stress occurs for a reduction of 
area of about 13 per cent., which corresponds also 
to a minimum in the tensile strength and hardness 
and a maximum in the elongation. The impact value 
appears to increase as the reduction of area in the 
drawing is raised. A reduction of area of 13 per cent. 
is also shown to correspond with a minimum in the 
resistance to deformation in subsequent drawing. 

Local Production of Martensite.—Paper 246 (Lief. 2) 
contains a short paper by A. Pomp on the local pro- 
duction of martensite in steel wire. The work origi- 
nated from failures of certain rope wires which 
contained hard surface spots which were at first 
believed to be due to the rolling-in of fragments of 
the cast iron rolls. That this was incorrect was shown 
by the typical martensitic structure and by the 
behaviour on tempering. It is clear that these hard 
spots were due to local overheating followed by rapid 
chilling. The failure of the lubricant during drawing, 
particularly of Z-section wires, is suggested as one 
cause of this trouble, though any form of treatment 
which raises the temperature of the surface to above 
the carbon change point, followed by rapid cooling 
due to the backing of cold metal, would give rise to 
the same result. Accidental arcing, for instance, can 
and does produce such a defect. Reference is made 
to the work of E. A. Atkins. The present writer may 
observe that this type of defect was probably first 
noted by the late Dr. J. E. Stead in the crown wires 
of mining winding ropes used in the goldfields of the 











Rand. Another cause of martensite formation which 
can lead to trouble such as that described by the 
author, but which he does not appear to mention, is 
too rapid cooling with the formation of a martensitic 
skin in the patenting process. 

Process of Deformation.—The work of Taylor and 
Quinney on the distortion of a metal during the draw- 
ing through a die (J., Inst. Met., 49, 1932, 187), 
showed that the shear strain, which is a maximum at 
the surface, occurs mainly in the first pass, and there- 
after remains essentially unchanged. To confirm this 
important conclusion, E. Siebel (Lief. 20) has repeated 
the experiments using a composite rod 24 mm. in 
diameter reduced 30 per cent. in each of three succes- 
sive passes through draw-plates with angles of 24 deg. 
and 40 deg. respectively. The larger size of rod and 
the fact that the co-ordinate net was engraved on the 
axial plane before each pass improves the sensitivity 
of the research, but the results are in complete agree- 
ment with those of Taylor and Quinney. The present 
authors find the explanation of the phenomena in 
the varying degree of work hardening in the outer and 
inner zones of the wire, which hardening resists further 
shear during the subsequent passes. 

ROLLING. 

Influence of Friction.—E. Siebel and E. Osenberg 
(Lief. 4) have considered the question of the influence 
of the surface friction between the metal and the rolls 
on the deformation which ensues. Starting off with 
the well-established fact that the lateral spread in 
rolling differs with different conditions and for various 
materials, they first demonstrate that the friction 
between the metal and the tool does affect the flow 
under compressional tests. As the coefficient of the 
friction is increased the spreading increases, and the 
shape of the deformed specimen alters. Using curved 
tools to correspond with the rolls, it is demonstrated 
that the increase in breadth is raised as the reduction 
of thickness, the friction between metal and tool, 
and the radius of curvature of the latter are 
increased. These results are shown to apply almost 
unchanged to the rolling at room temperatures of 
lead, copper, and aluminium. Another important 
aspect of the frictional effect is the acceleration of the 
metal as it passes through the rolls. The peripheral 
speed of the latter is distinctly less than the exit 
velocity of the metal—a fact, of course, which is well 
known—-and this difference again is increased when 
roughened rolls are used, and when materials are 
used with an increasing coefficient of friction. Cold- 
rolling processes—and possibly hot rolling ones too— 
inevitably set up internal stresses in the material 
being worked. If to such stresses are added others 
due to enhanced frictional forces at the surfaces, the 
net effect may well be to produce cracks and tears, 
which otherwise would not be formed, and good 
evidence is adduced of the reality of this effect. 
Perhaps, however, the most interesting section of the 
paper is that dealing with rolling through grooved 
rolls, and the influence of the friction is never better 
demonstrated. Exactly similar material was given 
identical passes, in the one case through a smooth, 
and, in the other, through sand-blasted rolls. Whereas 
in the former case the pass was underfilled, in the 
latter a well-marked fin was produced. Where closed 
passes are employed, this effect is of profound im- 
portance. The experimental section of the paper 
ends with a few experiments on the effect of the 
crystalline structure. It is shown that the lateral 
spread is distinctly greater for annealed than for 
unannealed material, in one instance, for copper, 
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being 20 per cent, for the former and about 13 per 
cent. for the latter, after a total of three passes. It 
is suggested that in the rolling of steel at high tem- 
peratures the oxidation of the surface results in a 
noteworthy increase in the coefficient of friction. 
Variations of this value are one of the main diffi- 
culties in rolling metals to exact size. 

Resistance to Deformation.—The resistance to 
deformation during the rolling of soft basic Bessemer 
beams in a three-high finishing mill has been investi- 
gated by E. Siebel and W. Lueg (Lief. 9). The roll 
pressure was measured with an apparatus designed 
by Voigt and Lueg—Mitt. Kais.-Wilm.-Inst. Eisen- 
forschg., 12 (1930), p. 161—a brief description of 
which is given, and from this pressure the resistance 
to deformation was calculated. It is shown that 
in successive passes the resistance continuously 
increases. From the authors’ results, which are in 
excellent agreement with those of Puppe and of 
Hoff and Dahl, together with the values recorded 
by the latter workers, it would appear that this 
effect is due not so much to a falling temperature 
and increase of rolling velocity or change of shape as 
to the change in the ratio of the mean height of the 
piece as it comes out of the rolls to the diameter of 
the latter. As this ratio decreases the resistance 
increases rapidly. In an appendix is described how 
continuous records of the roll pressure may be 
employed to supervise a mill. The records illustrated 
show the number of passes given to each ingot, the 
time between the passes, and at any rate to a rough 
approximation the temperature of the metal. 


TUBE DRAWING. 

Two papers by A. Pomp and U. Schylla (Lief. 5) 
and by E. Siebel and E. Weber (Lief. 20) deal with 
factors operative in the production of tubes. Some 
of these which influence the hot drawing properties 
of 0-3 per cent. carbon weldless tubes have been 
examined by the first authors. As a measure of the 
resistance to deformation they adopt the same formula 
as was used by Pomp in his work on the effect of 
the patenting conditions for high-tensile wire, to 
which reference has already been made. Tubes 
were drawn at temperatures of 700, 800, and 900 deg. 
Cent. through alloy steel dies of 5, 10, 20, 30, and 40 
degrees angle, a speed of 0-5 m. to 0-8 m. per second 
being used. The results obtained indicate that the 
minimum resistance was obtained with a die of about 
20 degrees angle, but the number of points through 
which the curves are drawn is insufficient to settle 
this angle conclusively. As the reduction per pass 
increased, the resistance to deformation fell, par- 
ticularly at the two lower temperatures. At 900 deg. 
Cent. the reduction is almost without effect on this 
value. A considerable amount of work has been done 
on the relationship between the external diameter 
of the tube and the internal diameter of the die 
through which it is drawn, the latter being always 
the greater. This difference increases as the die angle 
is raised and as the reduction of area becomes greater. 
There is, further, some indication that it is greatest 
at the highest drawing temperature. The drawing 
operation results in a certain increase in the wall 
thickness, which, again, is increased as the reduction 
per cent. is increased ; but in connection with this 
aspect of the process the die angle does not appear 
to play any very important part. In connection with 
these two latter factors some experimental work has 
been carried out on the actual nature of the flow, 
using lead which, at room temperatures, should 
behave very similarly to steel at high temperatures, 








and the results of this work are worthy of careful 
consideration by those concerned in tube drawing. 
The paper ends with a short section dealing with the 
mechanical properties of the drawn tubes, which 
appear to be essentially independent of the tempera- 
ture of drawing or the reduction of area, and there- 
fore, curiously enough, of the microstructure of the 
material. 

The paper by Siebel and Weber is mainly concerned 
with a consideration of the stresses set up in, and 
the nature of the flow of, the material in the various 
processes for the production of tubes. The larger 
portion is concerned with a mathematical discussion 
of the problems involved, and in particular the change 
of the wall thickness in relationship to the reduction 
of the external diameter of the tube. To determine 
to what extent the conclusions reached accorded in 
experimental fact, a number of lead tubes - with 
various ratios of wall thickness to tube diameter 
were drawn down. From the measurements of the 
change of the thickness of the wall curves were 
obtained which, on the whole, are in striking agree- 
ment with those theoretically deduced. Quite 
apart from the interest of this paper in its more 
theoretical aspects, the results are of considerable 
technical importance in the light they throw on the 
variations of the thickness of the wall of the tube, 
and the information provided regarding the size of 
tube with which it is necessary to start in order to 
obtain a final product of definite dimensions should 
be of considerable value to manufacturers. 








Nickel-Aluminium Magnet Steel. 





QUITE a considerable amount of work has been 
done in recent years, especially in Japan and Germany, 
in the development of new steels for permanent 
magnets. Among the new alloys introduced for this 
purpose the nickel-aluminium steels are of outstand- 
ing interest for their remarkable magnetic properties ; 
with a suitable magnetising field and after appro- 
priate heat treatment they have a coercivity up 
to 650 oersteds with a high remanence. According 
to the inventor, T. Mishima’, the best range of com- 
position is 20-26 per cent. nickel, 12—20 per cent. 
aluminium, and the remainder iron; the alloys are 
so hard that they cannot be machined with cutting 
tools and must therefore be cast into the desired shape. 
W. Koster? and Messkin and his collaborators? have 
shown that the high coercivity of the alloys is due to 
precipitation hardening and that the most favourable 
particle size of the precipitated phase is obtained by 
cooling the castings in the air. According to Késter*, 
the compound NiAl forms a continuous series of 
solid solutions with iron, and in the usual range of 
composition of the magnetic alloys the y phase 
separates in a highly disperse form from the « during 
cooling. Hence it follows that the degree of pre- 
cipitation and the particle size for the best magnetic 
properties depend on the composition and the rate of 
cooling. Messkin and Somin® have recently published 
the results of their work on the effect of cooling con- 
ditions and heat treatment on the magnetic properties 
of these alloys. . 


1 Brit. Pat. 378,478 (1931). 

2 Stahl u. Eisen, 1933, 53, 849. 

3 Mitt., Inst. Metallforschung, Leningrad, 1934, 16, 60. 
4 Arch. Hisenhiittenwesen, 1933-4, 7, 257. 

5 Ibid, 1934-5, 8, 315. 
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Nine alloys were prepared in 25kilos. charges 
melted in the high frequency induction furnace ; after 
superheating to 1520-1560 deg. Cent. the alloys were 
cast in sand moulds into rods 2-20 mm. in diameter, 
into chill moulds, and into various magnet shapes. 
Although Mishima stated that fields of 20,000- 
30,000 oersted were required to produce the optimum 
magnetic properties it was found that only a very 


25°5%Ni, 12°4%Al 
He 


244% Ni, 13 Al 










Bmax 


Coercivity He in Oersted 


5 


Thickness of Specimen mm 


Swain Sc 









the reason for this is still obscure, but appears to be 
bound up with changes which occur in the ground 
mass of the alloy with increase in the aluminium 
content. Figs. 5 and 6 show the change in coercivity 
for different thicknesses with increase in aluminium 
at a constant nickel content of 25 per cent., and with 
increase in nickel at a constant aluminium content of 
17 per cent. At all thicknesses increase in nickel 
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slight improvement was obtained by increasing the 
field strength above 1200 oersted, although about 
710,000 oersted was necessary to produce complete 
saturation. To obtain comparative results in the 
tests, therefore, a standard field of 1200 oersted 
was employed. ° 

Figs. 1 to 4 illustrate the effect of rod thickness on 
the magnetic properties of sand-cast alloys containing 
about nickel 25 per cent. and aluminium 12-17 per 
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cent. In all cases it will be observed that there is an 
optimum thickness which gives the most favourable 
rate of cooling to produce the best magnetic pro- 
perties; for maximum coercivity this optimum 
increases with rise in the aluminium content, 7.e., 
increase in the aluminium content has the same effect 
as increasing the rate of cooling, which is in accord- 
ance with Késter’s equilibrium diagram. The 
remanence and maximum induction curves, however, 
show maxima at rod thickness of about 7-8 mm., 
irrespective of the aluminium content of the alloy ; 








increases the coercivity, the increase being particu- 
larly marked with 24-26 per cent. nickel in the thicker 
rods. The effect of aluminium is, however, peculiar ; 
in thin sections an increase in aluminium produces a 
very rapid decrease in coercivity which reaches zero 
at 17-5 per cent. aluminium, but in thick sections the 
coercivity increases almost linearly with the alumi- 
nium content. These differences are ascribed to the 
fact that aluminium induces a much greater degree of 
undercooling, whereas nickel increases the amount 
of the precipitated phase ; micrographic examination 
has confirmed this theory. 

From the above considerations and from the equi- 
librium diagram it can be concluded that the pro- 
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perties of the alloys can be appreciably modified by 
suitable heat treatment, thus the magnetic properties 
of sections thicker than those showing the optimum 
should be improved by quenching from a high tem- 
perature, and those of sections thinner than the 
optimum by annealing or by quenching and temper- 
ing. Fig. 7 shows the effect of annealing for one 
hour at various temperatures on thick sections 
(20 mm.), and Figs. 8 and 9 the effects of quenching 
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and air cooling from 1100 deg. Cent. on the coercivity 
and remanence of the alloy of Fig. 1. It will be seen 
that the coercivity passes through a minimum with 
rise in annealing temperature and then increases 
rapidly to a maximum on annealing at above 1100 deg. 
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Cent. and that quenching produces a marked drop in 
coercivity at all thicknesses, 7.e., quenching represses 








results are obtained with the alloy containing nickel 
22 per cent. and aluminium 17-2 per cent., which is 
very close to the boundary of the duplex field ; here 
a very marked increase in the coercivity and rema- 
nence of thin sections is obtained by annealing for 
ten hours at 700 deg. Cent. For practical purposes 
simple annealing at 700 deg. Cent. of the alloys with 
the best magnetic propesties effects relatively little 
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improvement, whereas quenching from 1100 deg. 
Cent. followed by tempering at 700 deg. Cent. pro- 


~duces a considerable improvement in both remanence 


and coercive force, and the thickness of the section 
has little effect on the final values for these properties, 
although they are in general not very good after this 
treatment. The following table shows the effect of 
various heat treatments on the magnetic properties 
of three alloys :— 














































Thick- Quenched in Annealed at Quenched from 
Composition, ness of Sand cast. water from Air cooled from 700 deg. Cent. 1100 deg. Cent. 
per cent. speci- 1100 deg. Cent. 1100 deg. Cent. for one hour. and annealed at 
men, 700 deg. Cent. 
- mm. | ee 
Ni. Al. | Ho | Be | He | Ba H, Ba H, Ba H, Ba 
| Laren : 
25-50 12-40 18-0 | 330 | 3700 165 | 6100 430 4100 — _ 316 7000 
5-5 | 490 | 5800 10 1400 500 5300 _— _ 295 6750 
23-25 13-75 18-5 415 | 4900 25 | 3900 475 6000 375 5400 255 7950 
3-5 | 105 | 6400 | —_ —_ —_ —_ 225 6800 255 7850 
25-96 17-62 19-0 | 500 | 4600 | 4-5 1200 430 5400 430 5000 345 6400 
5-7 | 60 5800 | — = = — | 290 6100 315 | 6350 





the decomposition of the high temperature solid 
solution. On the other hand, air cooling from 1100 deg. 
Cent. in general produces a better coercivity than that 
produced by sand casting. Further heat treatment 
tests have shown that maximum remanence at low 
aluminium contents (12-5 per cent.) is obtained by 
quenching, and-maximum coercivity at high alumi- 
nium contents (17-6 per cent.) in the cast state. The 
best magnetic properties of the alloys with 14-7 per 
cent. aluminium are obtained either by chill casting 
or by sand casting followed by annealing at 1100 deg. 
Cent. and air cooling ; the remanence of the chill-cast 
alloys is, however, superior to that of the heat-treated 
sand-cast alloys. Oil quenching of sand castings is 
decidedly objectionable. 

The effects of annealing the alloy with nickel 
25-96 per cent. and aluminium 17-62 per cent. at 
650 deg. Cent. and at 700 deg. Cent. for one hour are 
shown respectively in Figs. 10 and 11. According to 
theory, this treatment increases the coercivity of 
sections thinner than the optimum and decreases the 
coercivity of thick sections presumably by causing 
further coagulation of the precipitated phase. Similar 








The authors conclude that permanent magnets of 
aluminium-nickel-iron alloys should be cast into 
shapes which are so designed that the thickness of the 
sections is that giving the best magnetic properties 
as shown in the préceding graphs. Thus circular 
magnets should be cast as hollow tubes, the wall 
thickness being selected to give the desired coercivity 
and remanence ; this type of casting is particularly 
suitable for these alloys since solid cast rods have a 
fairly long central pipe, owing to the high shrinkage. 
As previously mentioned, complete saturation requires 
a field strength of 8000-10,000 oersted, which is 
difficult to produce uniformly in the case of large 
magnets ; this difficulty can be avoided by using a 
direct field strength of 1500-2000 oersted and super- 
imposing an alternating field having a maximum 
amplitude of 800-1000 oersted. For alloys with a 
coercivity of 300-350 oersted the lower field strength 
is suitable, but for alloys with a coercivity of 450-500 
oersted the higher field strength should be used. 
Maximum coercivity is always obtained in weaker 
fields than those required to produce maximum 
remanence. 
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Cast Iron. 


_ ALTHOUGH a considerable amount of information 
on the thermal expansion of cast iron is to be 
found scattered throughout technical literature, no 
systematic investigation of the subject in all its 
aspects has yet been undertaken. The recently 
published paper of E. Séhnchen and O. Bornhofen? 
is therefore particularly valuable, since the authors 
have not only determined the coefficient of expansion 
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Fic. 1—TInfluence of Silicon on the Mean Coefficient of 
Expansion of Cast Jron with 3 per cent. Carbon. 


of plain cast irons, but have also examined the effect 
thereon of additions of silicon, nickel, copper, alumi- 
nium, and chromium. 

The curves for pearlitic cast iron show two irregu- 
larities, the first at 200-250 deg. Cent., due to the 
magnetic transformation of cementite, and the second 











between 400 deg. and 700 deg. Cent. According 
to the composition only the second occurs 
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Fic. 2—Influence of Nickel on the Mean Coefficient of 
Expansion of Cast Iron with 3 per cent. Carbon. 


in ferritic cast iron and is to be attributed to 
the rapid rise in the solubility of carbon in 
« iron within this range, which causes a slowing down 
in the rate of expansion. ‘The mean coefficient of 
expansion of white cast irons between 20 deg. and 
500 deg. Cent. decreases linearly with increase in 
carbon content ; grey cast irons have a higher coeffi- 
cient than white irons and the coefficient can be 


calculated from those of pure iron and graphite. The 
presence of manganese and chromium carbides tends 
to increase, and the presence of iron carbide to 
decrease the coefficient of expansion. Addition of 
nickel to pearlitic iron decreases the expansion at 
high temperatures, but has little effect up to 300 deg. 
Cent. ; in ferritic iron nickel increases the expansion 
up to 300 deg. Cent., then decreases it. Silicon up 
to 2 per cent. increases the expansion at all tempera- 
tures up to 400 deg. Cent., but at higher temperatures 
and with higher additions of silicon it has the opposite 
effect. Copper and aluminium increase the mean 
coefficient of expansion of pearlitic and ferritic cast 
iron respectively. With addition of chromium the 
coefficient between 20 deg. and 100 deg. Cent. rises 
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Fic. 3——Influence of Nickel on the Mean Coefficient of Expansion 
of Cast Iron with 3 per cent. Carbon and Different Silicon Contents. 


sharply to a maximum at 0:5 per cent. chromium, 
then decreases rapidly with further addition of 
chromium to 1-5 per cent.; this effect is much less 
marked if the mean coefficient of expansion is taken 
over a larger temperature range. Data are given in 
a series of diagrams, of which a selection is repro- 
duced in Figs. 1 to 6. 

The problem of case-hardening cast iron by nitro- 
genisation has recently been studied by A. N. Dobro- 
widow and N. Schubin.? Preliminary experiments 
showed that the presence of coarse graphite in the 
surface of the metal produced small prominences in 
the nitrided layer, but that satisfactory results could 
be obtained by adjusting the composition and heat 
treating the metal to obtain a structure consisting of 





. “The Coefficient of Expansion of Cast Iron,” Archiv 
Hisenhiittenwesen (Feb., 1935), 1934-35, 8, 357-359. 








2 ** Nitrogen-hardened Cast Iron,’’ Archiv. Eisenhtittenwesen 
(Feb., 1935), 1934-35, 8, 361-363. 
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pearlite and temper carbon. A series of alloys was 
then made up to contain carbon 2:3-3-2 per cent., 
silicon 0-2-1-2 per cent., manganese 0-2-0-4 per 
cent., chromium 0-2 per cent., aluminium 0-2 per 
cent., nickel 0—4 per cent., and sulphur and phosphorus 
each less than 0-05 per cent.; the alloys were melted 
in a crucible furnace and cast into rods in dry sand 
moulds, and the rods were then tempered in a sand- 
charcoal mixture for four to twelve hours at 1000 deg. 
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Fic. 4—Influence of Copper on the Mean Coefficient of 
Expansion of Pearlitic Cast Iron with 3 per cent. Carbon. 


that increase in the aluminium content increased the 
size of the nodules of temper carbon when the 
chromium content was low, but the addition of 0-5 
per cent. of chromium not only prevented this effect, 
but also overcame the deleterious graphitising effect of 
silicon. The best structure of nickel-chromium cast 
iron was obtained when the nickel content was three 
to four times the chromium content; a similar 
structure can be produced in chromium-aluminium 
cast iron when the aluminium content is less than 
double the chromium. Hence, since nickel has no 






































14 : ot 
20°to 500° 20°to 400° 
s ° — 
a ae 
121 ag —__© a 
ne pom 20° to 300° 
! _ 4 
2 my 20°to 200° | el 
x 10 {ol aavte. 
p-s—n[" 
--" } 
4 - 20°to 100° ee ail 
' a ns 
al 
0 v, 4 6 8 10 
sixnaan Aluminium Per cent BR 


Fic. 5—Influence of Aluminium on the Mean Coefficient of 
Expansion of Ferritic Cast Iron with 3-5 to 3-8 per cent. Carbon. 


effect on the nitrogenisation, its addition to cast iron 
for nitriding is unnecessary except when an improve- 
ment is desired in the mechanical properties of the 
core. Silicon should be kept as low as possible, since 
its only effect is to coarsen the primary graphite. 
The best range of composition is aluminium 1-1-5 per 
cent. and chromium 0-25—1-25 per cent., with not 


more than 0-25 per cent. silicon ; probably the best 
alloy is that containing earbon about 2-75 per cent., 
silicon 0-25 per cent., aluminium 0-8 per cent., and 
chromium 1 per cent. The best heat treatment com- 
prises soaking at 1000 deg. Cent. for eight hours and 
then quenching in oil from 900 deg. Cent. to convert 
any ferrite into sorbite. By nitrogenisation in 
ammonia at 500 deg. Cent. for twenty to twenty-four 
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Fic. 6—Influence of Chromium on the Mean Coefficient of Expan- 
ston of Pearlitic Cast Iron with 3-5 to 3-8 per cent. Carbon. 


hours a smooth surface layer with a Herbert pendulum 
hardness of 75-85 is readily obtained ; if a somewhat 
tougher metal is required about 2 per cent. of nickel 
may be added. 








Temper Brittleness. 





SincE the last article on temper-brittleness was 
published in THe METaALLuRGIsT in October, 1933, 
several papers on the subject have appeared, and it 
may be fitting to refer to some of them before dealing 
with the recent important invéstigations of W. 
Bischof. 

“A Study of the Temper-Brittleness of Ordinary 
Structural Steels,” by P. Borel, dealt with three 
types of mild steel, and typical average results from a 
very large number of tests are given in the table below. 
Borel employed hundreds of specimens of about fifteen 
steels and many variations of treatment. Those 
selected for inclusion in the following table all included 
a preliminary heating for thirty minutes at 850 deg. 
Cent. Borel found that none of his steels was suscep- 
tible to temper-brittleness in the ordinary sense as 
measured by the ratio of the impact figures after 
treatments A and D. Quenching before reheating 
gave a sorbitic structure and no disadvantage arose 
from slow cooling after tempering. After a preliminary 
air cooling (treatments B and E), the impact figures 
were slightly lower in steels of type M and distinctly 











1 Revue de Métallurgie, 1934, 31, 14-31. 
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so in steels of type N ; but again, there was no dele- 
terious effect of slow cooling as compared with quick 
cooling after the same treatment. If, however, the 
steel were cooled in air and the cooling arrested at 
650 deg. Cent., and then continued at a slow rate 
(treatment C) the impact figures of the M steels were 
unaffected, while those of the P steels, and particu- 
larly of the N steels, were very greatly depressed. 
Air cooling to 575 deg. Cent. followed by slow cooling 
also lowered the impact figure, but not so much as 
when the air cooling was arrested at a higher 
temperature. 








TaBLeE.—Charpy Impact Figure, mkg. per sq. cm. 


when normalised, had an impact figure of 48 foot- 
pounds, but when cooled from the finishing tempera- 
ture in piles, showed only 32 foot-pounds in specimens 
from the outside of the pile, and no more than 2 foot- 
pounds in specimens from the inner part. 


NaGasSawa’s Two-FOLD TEMPER-BRITTLENESS. 


A paper on “ Temper-Brittleness of Steels,’ by 
K. Nagasawa,’ which appeared last year, contains a 
great mass of systematically determined data on 
the impact figure of numerous carbon and alloy 
steels, and thus forms a very useful source of informa- 





Type of steel. 





Chemical composition. 
Carbon, per cent. Sime, sie SR ee 
Silicon, per cent. 

Manganese, per cent... 

Sulphur, per cent. ; 
Phosphorus, per cent. im. een 29 
Heat treatment. 

. 850 deg. water : 650 deg. water 

. 850 deg. air: 650 deg. air .. .. .. 

850 deg. air to 650 deg., then furnace 
. 850 deg. air to 575 deg., then furnace 
. 850 deg. water : 650 deg. furnace 
. 850 deg. air : 650 deg. furnace .. 


BOQaeP 


Borel looked for an explanation of the behaviour 
of these steels in the relatively high phosphorus 
content of the N steels since the manganese content, 
equally high in the M series, produced no effect in 
them. This explanation, however, could not apply 
to the low phosphorus steels of type P, which, never- 
theless, showed some degree of embrittlement. 

On the evidence of ‘the low silicon of the steels of 
types N and P, Borel assumed incomplete deoxidation 
and attributed the embrittling effect to dissolved 
oxide. He pointed out the important practical fact 
that insufficiently deoxidised steels may be put on 
the market in a state of great brittleness if sufficient 
attention is not paid to the avoidance of slow cooling 
from the finishing temperature. 


EFFECTS Not DUE TO TEMPER-BRITTLENESS. 


Borel’s experiments clearly showed that in some 
mild steels which are cooled from above the critical 
range, the rate of cooling from 650 deg. Cent. (650 deg. 
to 550 deg. in three hours) has an important effect 
on the impact figure. It should, however, be men- 
tioned that the type of brittleness in mild steel which 
depends on prolonged exposure to a temperature 
between 600 deg. and 700 deg. Cent. has usually 
nothing to do with temper-brittleness, but is due to 
grain growth of. ferrite with the formation of very 
large crystals, possessing extensive cleavage planes 
which facilitate rupture. Borel, whose photo- 
micrographs are not so clear as might be desired, did, 
in fact, find a larger grain structure in the steels 
whose air cooling was checked at 650 deg. Cent. 
than in those air cooled down to 575 deg. Cent. before 
slow cooling. In spite of the term fragilité de revenu 
in the title of the paper, the only type of brittleness 
encountered in these steels was more akin to “‘ Stead’s 
brittleness ’’ than to tempér-brittleness. This effect 
is discussed and clearly distinguished from temper- 
brittleness in a recent valuable paper by W. E. Lewis” 
on * Brittleness in Ductile Engineering Materials.” 
Lewis gives an instance of flat mild steel bars which, 





2 Institution of Engineers and Shipbuilders in Scotland, 
Paper No. 944, April 9th, 1935. 














M. | N. | ies 
0-14-0-16 0-21-0-24 | 0-23-0-24 
0-23-0-30 0-018-0-023 0-04 
0-99-1-10 0-82-1-10 0- 38-0 -60 

<0-04 <0-04 | <0-04 
0 -008—0 -020 | 0 -046-0 -055 | 0-006-0 -013 

16-74 12-30 14-85 
15-69 | 8-84 12-10 
16-26 2-94 | 8-36 

— 6-62 9-75 
16-93 11-25 15-10 
15-02 8-65 12-35 


tion on the relation between impact figure and com- 
position. The chief interest of the paper, however, 
lies in the author’s interpretation of his results, the 
main point being the distinction which he draws 
between “first temper-brittleness’’ obtained by 
prolonged reheating at 450 deg. to 525 deg. Cent. 
and cooling at any rate, and “‘ second temper-brittle- 
ness ’’ obtained by slow cooling from above 550 deg. 
Cent. The cause of temper-brittleness in Nagasawa’s 
opinion, is precipitated carbide, probably Fe,C, 
or some modification of it, owing to the presence of 
alloying elements, the main effect of which is, how- 
ever, held to be due to their influence on the solubility 
relations of iron carbide. The “ first temper-brittle- 
ness ’’ is explained by the precipitation of carbide 
from its solid solution in « iron, and the ‘‘ second ”’ 
by the fact that more carbide is deposited from 
solid solution in slowly cooled than in quickly cooled 
samples. 

Some comment appears to be necessary on this 
artificial distinction between two types of temper- 
brittleness which seems to have arisen simply because 
slightly different treatments are required to produce 
carbide precipitation from a supersaturated solid 
solution on reheating and carbide deposition from 
a saturated solid solution on slow cooling. 

The fact that temper-brittleness is induced by 
either of the treatments defined by Nagasawa has, 
of course, long been well known. It is not correct 
to say that the ‘first temper-brittleness ’’ has 
attracted little attention in the past. Greaves and 
Jones! in 1920 showed the effect of reheating for 
times up to forty-eight hours at 450 deg. Cent., 
and in one instance to 141 days at 350 deg. Cent., 
and, moreover, it has always been clearly under- 
stood that it is temper-brittleness of this origin which 
has to be guarded against in all steels for use at high 
temperatures. The drawing of such a marked distinc- 
tion between two admittedly parallel effects because 
of a difference in heat treatment employed to attain 
them seems to be entirely unjustifiable. 

3 Japan Nickel Review, 1934 (April), 2, 165-202. 
4 Journ., Iron and Steel Inst., 1920 (2), 102, 171. 
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BiscHor’s WorK ON TEMPER-BRITTLENESS. 


Of far greater importance than the work already 
referred to are the further investigations on temper- 
brittleness which have recently been described by 
W. Bischof.’ ° 

The author first applied the usual tests to determine 
the susceptibility of a set of seventeen representative 
carbon and alloy steels. Those which showed most 
pronounced temper-brittleness were the _nickel- 
chromium, chromium, and manganese steels. The 
effect was not evident in steels containing less than 
0-35 per cent. of chromium or manganese, and it 
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Fic. 1—Notched Bar Impact Value and Brinell Hardness of 


Quenched Chromium Steel (C 0-46, Mn 0-55, Cr 1-53 
per cent.) after Tempering at 650 deg. Cent. 


was prevented by the presence of molybdenum. 
Bischof found, in conformity with previous experience, 
that ordinary tensile and bend tests gave no indication 
of the condition, that repeated impact tests gave 
inadequate information, but that notched-bar tests, 
whether carried out by impact or slow bending were 
very discriminating. No clear distinction between 
the tough and brittle states was found by magnetic 
tests, the brittle specimen of 1-2 per cent. manganese 
steel had a slightly higher electrical conductivity 
than the tough specimen, and tough and brittle 
specimens of chromium and nickel-chromium steels, 
examined differentially in the Leitz dilatometer, 
showed small but distinct differences in dilatation 
between 400 deg. and 500 deg. Cent. No details 
are given to rule out the possibility that these differ- 
ences were due to the relief of internal stress in the 
quenched specimens. 

Bischof gives results showing the gradual divergence 
of the low impact figures of slowly cooled, and the 
higher impact figures of water-quenched specimens 
of hardened and tempered steels as the tempering 
temperature rises above 500 deg. Cent. when the steel 
is susceptible to temper-brittleness, but not otherwise. 
The important question of what happens after 





5 Archiv fir das Eisenhittenwesen (Jan., 1935), 1934-35, 8, 
293. 





repeated tempering at the same temperature is next 
discussed in some detail. Houdremont and Schrader* 
concluded that after a single tempering at 650 deg. 
Cent. the impact figure is very dependent on the rate 
of cooling, but that after twenty such temperings the 
impact figures after quick and slow cooling approach 
one another in such a way as to suggest that with 
further repeated temperings the two values would 
coincide. To ascertain whether very prolonged 
tempering had the same effect as repeated treatment 
in removing temper-brittleness, whatever the method 
of cooling after tempering, Bischof applied tempering 
treatments extending to 150 hours to different har- 
dened specimens of 0-25 per cent. carbon steel and 
to 1-2 per cent. manganese and 1-5 per cent. chro- 
mium steels, which were then either water quenched 
or cooled at 0-3 deg. Cent. per minute. As the time 
of tempering increased, the impact figure of the water- 
quenched test pieces of the alloy steels rose slightly, 
and that of the furnace-cooled specimens to a marked 
degree, so that the impact values of both sets tended 
towards the same ultimate high figure (Fig. 1). 
In the 0-25 per cent. carbon steel, the values for the 
quenched and furnace-cooled specimens (which were 
the same to start with) remained equal. throughout 
(Fig. 2). When the specimens which had been water 
quenched from 650 deg. Cent. were allowed to age, 
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Fic. 2—Notched Bar Impact Value and Brinell Hardness of 
Quenched Carbon Steel (C 0-25, Mn 0-63 per cent.) 
after Tempering at 650 deg. Cent. 


however, the behaviour of the steels was reversed. 
The carbon steel showed precipitation hardening and 
distinct ageing embrittlement ; the chromium and 
manganese steels almost none.’ 

This question of the capacity of the steels to age 
harden is referred to again later in the paper. The 
steels were oil hardened from 900 deg. Cent., tem- 
pered at 650 deg. Cent. and water quenched, then 
aged for fourteen days at room temperature. The 

6 Archiv fiir das Hisenhiittenwesen, 1933, 7, 49 (see THE 
METALLURGIST, 1933—34, 9, 67). 

7 The inhibitive action of manganese and of chromium on 
ageing has recently been referred to in a paper by R. Harrison, 
published in THE MerTatturaist, June, 1934, 9, 134-138, in 
which it was also stated that ‘‘ susceptibility to temper-brittle- 
ness increases as susceptibility to ageing decreases.” 
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strongly temper-brittle steels (nickel-chromium, 1-67 
per cent. manganese, and 1-5 per cent. chromium 
steels) showed no alteration in hardness or impact 
figure on ageing. Carbon steels showed age hardening, 
diminishing in degree as the carbon increased with a 
fall in impact figure to 0. 

Age hardening occurred with 0-23 per cent. carbon 
and 1-2 per cent. manganese,® but diminished with 
increasing manganese and carbon contents. 

To revert to the main theme of Bischof’s paper, 
long tempering at 650 deg. Cent. was, as stated above, 
found to remove brittleness induced by slow cooling. 
The same steels after being tempered at 650 deg. 
Cent. for 120 hours were water quenched and then 
reheated at 475 deg. Cent. for times up to 500 hours. 
Apart from a slight initial fall in impact figure, which 
was quickly regained, the manganese steel showed no 
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Fic. 3—Diagrammatic Representation of the Cause of Temper 
Brittleness. The upper figure represents the impact 
value of a hardened and tempered steel after it has been 
reheated at the temperature indicated. The lower figuree 
represent the amount of chromium or manganese 
precipitated as a result of decomposition of carbide in 
excess of that dissolved. The greater the rate of decoum- 
position (e.g., ‘a’’ compared with ‘*b’’), the greater the 
embrittling effeat. 

important change, while the impact figure of the 

chromium steel decreased from 13 to 6 mkg./cm.? 

in the first 120 hours and then rose to 11 mkg./em.? 
after 500 hours. Another series of tests was made on 

steels with 1-3 per cent. of manganese and with 1-6 

per cent. of chromium and showed that the longer the 

preliminary treatment at 650 deg., the less was the 
embrittling effect of heating-at 500 deg., and, alter- 
natively, the longer the steel was heated at 500 deg., 
the less was the embrittling effect of slow cooling 
from 650 deg. In attaining the final result, the 
sequence of two 120-hour periods of tempering whether 





8 The statement that this steel, O.H. 900, T. 650, and WwW Q., 
had an impact figure of 0 when tested immediately after treat- 
ment, must, it is thought, be a misprint. 











at 650 deg. first and then at 500 deg., or vice versd, was 
immaterial. The two steels after these alternative 
treatments gave 19-5 and 22-1, 17:0 and 17-8 
mkg. /cm.? respectively. 

The cause of temper-brittleness is then discussed. 
The suggestion that it is due to simple precipitation 
of a carbide does not, according to Bischof, fit the 
facts, and yet it appears that temper-brittleness has 
all the characteristics of a precipitation effect. The 
hypothesis put forward attributes temper-brittleness 
to the action of two pairs of carbides, one of each pair 
being rich and the other poor in manganese or 
chromium respectively. On rapid cooling the high- 
chromium carbide is held in solution to a low tem- 
perature at which it is transformed with precipitation 
of chromium into the low-chromium carbide, and 
similarly for the two manganese carbides. If the 
rate of decomposition of the carbide is greater than 
the rate of solution of the precipitated chromium or 
manganese in the ground mass, the brittle state 
occurs (Fig. 3). Temper-brittleness is thus held to be 
due to heterogeneity of the ground mass produced 
by the precipitated chromium or manganese. 
Toughening is due to the absorption of these elements 
into solution in the ground mass. Susceptibility to 
temper-brittleness disappears when there is no more 
of the chromium-rich or manganese-rich carbide 
available for decomposition to the lower form. Thus 
chromium and manganese are considered to be the 
prime causes of temper-brittleness, and the elements 
which are known to increase or diminish it (including 
phosphorus and oxygen, on one hand, and molyb- 
denum on the other) act, not directly, but by modify- 
ing the rate of solution of the elements through their 
effect on diffusion or on the solvent power of the ground 
mass or by preventing the decomposition of carbide 
by the formation of more stable double carbides. 

Despite ‘a tendency, occasioned by an apparently 
complete disregard for early work, to go over much 
familiar ground in considerable detail in the first 
part of the paper, the work of Bischof on the effect 
of prolonged tempering is very important, and his 
theory adds one more to the already formidable list 
of conflicting explanations of temper-brittleness. It 
was questioned during the discussion whether 
coalescence of carbide might not be a sufficient 
explanation of the effect of prolonged treatments. 
The author, however, received the support of Dr. 
Késter for putting all the blame on manganese and 
chromium. Herr Bennek produced the following 
interesting sequence of operations for the author’s 
explanation, suggesting that very prolonged heating 
at 650 deg. Cent. had a permanent effect in reducing 
susceptibility and that a very high initial annealing 
temperature eliminated the tendency to temper- 


brittleness :— Nickel-chromium Steel. 


820 deg. oil /650 deg. 1 hour oil. 8 to 10 mkg./cm.? 

820 deg. oi! /650 deg. 1 hour furnace 2-4 mkg./cm.? 

820 deg. oil/650deg.40hoursoil . 11 to 15 mkg./em.? 

820 deg. oil /650 deg. 40 hoursfurnace 7-7 mkg./em.* 

650 deg. 120 hours/820 deg. oil /650 
deg. 1 hour furnace 

And 1300 deg./820 deg. oil 1650 deg. 
1 hour furnace 10-1 mkg./cm.? 


Of course, some of ‘the old ‘difficulties were also 
raised, e.g., that in practice melts of similar chemical 
composition have very different tendencies to temper- 
brittleness. This, Bischof attributes to oxide content, 
and the influence of oxides on the rate of diffusion 
and solubility of chromium and manganese ; but he 
admitted that in a full explanation of temper- 
brittleness ‘‘ secondary causes of a metallurgical 
nature,’’ would also have to be taken into account. 


6-5 mkg./cm.? 

















SUPPLEMENT TO THE ENGINEER, JUNE 28, 1935. 


47 





The Use of Titanium in Alloying. 





Many are the instances which might be cited 
to illustrate the marked effect which small additions 
of specially added elements exert on the properties 
of metals and commercial alloys. To the already 
existing great number of alloys which find use in 
industry still more are being added because of 
specific and special requirements by users. In his 
search for materials to meet these demands the 
metallurgist has had to extend the range of metals 
used in alloying, and to-day some metals are employed 
which a few years ago were regarded both as rare 
and, in some cases, unpromising. Thus, recent 
years have seen the use of cobalt, molybdenum, 
cerium, titanium, and columbium in the production 
of special steels, and of beryllium, calcium, and the 
more extended use of silicon in non-ferrous alloys. 
It is not, of course, at all unnatural in the search 
for new materials with the possibility of interesting 
properties, that the effect of the less common or 
even rare metals should be examined. There is 
always the possibility of interesting discoveries 
from this kind of work, and, in fact, as a result of 
investigations along these lines, some important 
and useful alloys have been developed. It is not to 
be forgotten, however, that there are doubtless great 
possibilities, so far as the development of alloys 
with valuable and important properties is concerned, 
still awaiting discovery with the more common 
metals in everyday use. Titanium is not a newcomer, 
and for some years it has been used to a limited 
extent, especially in the production of ferrous alloys. 
More attention has been devoted recently to the 
alloying possibilities of this metal in both ferrous 
and non-ferrous alloys with promising results, and 
an interesting summary of the uses now made of 
it is given by G. F. Comstock in the January issue of 
Metal Progress. 

One of the first uses of titanium in steel making 
was as a deoxidiser, but it has since been shown 
that the presence of sufficient titanium gives rise 
to age-hardening effects in iron and austenitic steels 
because of the difference in the solubility of the 
compound Fe,Ti at different temperatures. Accord- 
ing to Seljesater and Rogers the solubility of titanium 
decreases from 6-3 per cent. at the eutectic tempera- 
ture of 1330 deg. Cent. to about 3 per cent. at room 
temperature. In the presence of other elements, 
such as silicon or nickel, ageing effects can be obtained 
with less than 3 per cent. titanium according to 
Wasmuht. On ageing a 5-4 per cent. titanium alloy 
at 593 deg. Cent., Seljesater and Rogers found an 
increase in Rockwell C hardness from 18 to 45. 
Kroll found the Brinell hardness of nickel steel con- 
taining 3 to 4 per cent. titanium increased on ageing 
from about 300 to more than 500, and with nickel- 
manganese austenitic steels containing 3 to 6 per 
cent. titanium Hensel found that the Brinell hardness 
increased on ageing from about 170 to 340. 

The remarkably strong affinity of titanium for 
carbon accounts for its increasing use in steel pro- 
duction. These two elements combine to form the 
carbide TiC,’which is only slightly soluble in iron, 
and thus titanium acts as a carbon remover and 
so permits of an economy, for example, in the use 
of grades of ferro-chromium of relatively high carbon 
content in the manufacture of some alloy steels. 
Weld decay in austenitic stainless steels has been 
attributed to the precipitation from solid solution 
of chromium carbide, the resulting impoverished 








austenite being less resistant to corrosion. A means 
of overcoming the trouble was the addition of titanium 
which combines preferentially with the carbon, so 
that chromium carbide is not formed or precipitated. 
Five or seven times as much carbon as titanium— 
the theoretical amount is about four times—is 
sufficient to prevent the formation of chromium 
carbide and render the alloy stable against inter- 
crystalline deterioration. A greater excess of 
titanium is not desirable, for it impairs both the 
ductility and corrosion resistance. Use has been 
made of the affinity of titanium for carbon in steels 
of the 5 per cent. chromium variety for, by the 
addition of titanium, the air-hardening property 
is removed and castings in steel of this kind containing 
the correct ratio of titanium and carbon are compara- 
tively soft and readily machinable, whereas the 
corresponding steel without titanium is too hard for 
machining unless tempered and slowly cooled. It has 
also been found that chromium steels containing 
titanium are more resistant to scaling at high tem- 
peratures than titanium-free steels. Additions of 
titanium to cast iron refine the graphite flakes and 
exert a graphitising effect like that of silicon. It 
is used in many grey iron foundries for closing. the 
grain or refining the structure of thick sections with 
a resulting improvement in strength, and for avoiding 
hard spots or chill in thin sections, and so improving 
machinability. The graphitising effect occurs at a 
much lower temperature than the carbide formation 
and may be associated with the deoxidising action of 
titanium. 

Of the non-ferrous alloys containing titanium 
those of nickel-cobalt-iron are well known. A 
typical composition is 73 per cent. nickel, 17 per 
cent. cobalt, 7-5 per cent. iron, and 2+5 per cent. 
titanium, and the best properties are developed by 
ageing for several days at 650 deg. Cent. after quench- 
ing in water from 955 deg. Cent. Although the nature 
of the changes which occur during the heat treatment 
of these alloys is not completely known, it is thought 
that the hardening constituent is most probably 
the compound Fe;Ti. Hensel and Larsen found 
that alloys made by additions to copper of titanium 
in amounts ranging from 0-8 to 4-8 per cent. possessed 
marked age-hardening properties. It has also been 
noted that it is possible to obtain an interesting 
combination of strength and electrical conductivity, 
and with castings, for example, a conductivity of 
about 40 to 50 per cent. that of pure copper, and 
yield point of 23,000 lb. per square inch, tensile 
strength of 45,000 lb. per square inch, elongation 
of 25 per cent. on 2in., and reduction in area of 35 
per cent. have been obtained. If good values for 
conductivity are required, the titanium content 
should not exceed 1 per cent. The heat treatment 
consists of quenching in water after heating for two 
hours at 900 deg. Cent., and reheating for twenty- 
four hours at 455 deg. Cent. The effect which titanium 
exerts in degasifying and refining the grain in 
aluminium alloys was established in the course of 
work carried out at the National Physical Laboratory 
a few years ago. Titanium does not deoxidise alu- 
minium, but it forms the compound TiAl;, which 
crystallises at a comparatively high temperature in 
the form of fine needles. These serve as nuclei 
for the solidification of the main mass of the alloy, 
and as the number is large, the crystal size of the mass 
is correspondingly small. Only about 0-15 to 0-20 


per cent. titanium is required to effect a marked 
refining of the grain and degasification with an appre- 
The titanium 


ciable improvement in properties. 
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may be added as an alloy or as titanium tetrachloride, 
and a large addition—that is, in excess of about 
0-4 for titanium—has not been found either necessary 
or advisable. 








The Spectrographic Analysis of 


Aluminium and Aluminium Alloys. 
By A. G. C. GWYER, B.Sc., Ph.D. 


ALTHOUGH the fundamental facts concerning the 
production of spectra from metallic elements by means 
of the arc and spark have been known for many years, 
the first applications of the principles of spectro- 
graphy were almost entirely of a qualitative nature. 
Latterly, however, considerable progress has been 
made, both in this country and abroad, in the develop- 
ment of quantitative spectrographic analysis. <A 

rusal, for example, of ‘the paper read by D. M. 
Smith at the March meeting of the Institute of Metals 
suggests interesting possibilities for the utilisation of 
the quartz spectrograph in commercial laboratories 
where large numbers of analyses of aluminium and its 
alloys have to be carried out daily. This paper 
follows upon others dealing with lead, tin, zinc, 
and copper, which have been published under the 
auspices of the British Non-Ferrous Metals Research 
Association, to which the metal industry is indebted 
for much valuable work in a sphero of no little prac- 
tical importance. Undoubtedly, one of the reasons 


why quantitative spectrography has so far made such 
slow progress is because there has been an absence of 
much necessary information and data, and also because 
for any given metal a large amount of preliminary 


work is involved in the preparation of standards. 

As with other methods of analysis, spectrographic 
analysis has its advantages and its disadvantages, most, 
if not all, of which are probably inherent in the method 
itself. Briefly, this method is to record the spectrum 
of the sample on a photographic plate and then to 
compare the intensity of some selected line due to the 
element in question, either with a neighbouring line 
in the same spectrum due to the main constituent of 
the alloy, or with a neighbouring line in a comparison 
spectrum produced under standard conditions and 
photographed in close juxtaposition. Its foremost 
advantage is that of rapidity. In this it scores heavily 
over the ordinary chemical methods, as with suitable 
technique it should be possible to put through a com- 
plete spectrographic analysis in little over an hour, 
and the resultant spectrogram forms a permanent 
record available for examination at any time should 
the accuracy of the original figures ever be called into 
question. In the case of an unknown alloy, the chance 
of overlooking some, unsuspected impurity is avoided 
with a high degree of probability. The method is, 
moreover, highly sensitive, for in favourable cases 
even as little as 0-00005 per cent. of an impurity may 
be detected. 

On the other hand, spectrographic methods have 
certain limitations. In the first place, the methods 
as described, for example, by D. M. Smith, are only 
applicable within a limited range of composition, 
and it is not usually possible to obtain quantitative 
results for amounts present to more than 1 per cent. 
This is, of course, a serious drawback, and it is there- 
fore to be hoped that the recent work of Barratt 
will be continued. By using a photometric attach- 
ment to the spectrometer it is possible to obtain a 
visual comparison with a standard sample in such a 





way that it appears that the limits of spectrographic 
analysis may be extended to cover the whole range 
from 0 to 100 per cent. of any metallic element. 
Another drawback to spectrographic analysis is its 
comparatively low order of accuracy. So far the 
greatest accuracy claimed is plus or minus 10 per 
cent., and for percentages below.0-:001 per cent. only 
one significant figure can be given. For many pur- 
poses, however, such figures give a sufficiently definite 
indicetion of the composition, and are just as useful 
to the metallurgist as an analytical figure calculated 
to the second or third place of decimals, and suggesting 
an order of accuracy which is very often wide of the 
truth. A spectrographic analysis will frequently 
reveal all the information which is necessary, or at 
any rate be the means of saving much time in pre- 
venting the analyst from seeking for elements or 
constituents which are absent. As against this, it 
must be remembered that for special purposes a higher 
order of accuracy is required than that of which the 
spectrographic method appears to be capable, e.g., 
the determination of silicon and titanium in alumi- 
nium employed for electrical purposes. 

For aluminium and its alloys it appears from the 
work of D. M. Smith that the ‘‘ comparison sample ” 
and ‘“‘ auxiliary spectrum ”’ methods are the best to 
employ, and he gives in his paper schedules of suitable 
groups of lines in both arc and spark spectra. In the 
auxiliary spectrum method due to Gerlach use is 
made of an auxiliary alloy, the lines in whose spectrum 
serve as standards of intensity. In the case of 
samples of aluminium of commercial purity, the 
agreement between spectrographic and chemical 
analysis was good in the case of copper, silicon, and 
titanium, but only fair in the case of iron and man- 
ganese. It will thus be seen that the application of 
spectrographic analysis to aluminium and its alloys 
offers a distinctly attractive prospect. The accuracy 
obtainable, whilst not so high as that given by chemical 
means, should be sufficient for most commercial 
purposes. For example, where it is only required to 
know that the amount of the particular impurity does 
not exceed a certain specified value. The chemical 
methods for the determination of the major im- 
purities such as iron, silicon, copper, manganese, &c., 
are well established, reliable, and fairly rapid, whilst 
in the case of other elements, lead, magnesium, zinc, 
calcium, gallium, &c., they are slow and laborious, 
and it would be a great gain if it were possible to 
determine these constituents spectrographically. 

Before quantitative spectrographic analysis can be 
expected to be taken up widely in this country, further 
propaganda and experimental work will have to be 
carried out, as it will be necessary to convince of its 
advantages many of those who are to-day either 
totally ignorant or at best very sceptical, of its use- 
fulness to the metal industry. The general public 
has become so used to accepting analytital figures 
that it will not be easy to induce it to accept spectro- 
graphic results of possibly a lower order of accuracy, 
notwithstanding that this may not always be a 
matter of great moment. It must be remembered 
that apart from internal routine analyses, which are 
carried out in connection with production, a con- 
siderable proportion of the determinations carried 
out in any metallurgical laboratory are made in order 
to satisfy customers that a given material complies 
with this, that, or the other specification, and so 
long as this state of affairs exists it is only to be 
expected that the wide adoption of quantitative 
spectrographic analysis will, of necessity, be delayed. 











